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REMARKS 

Claim 27 is amended herein to delete reference to an "extracellular domain" and claims 
30-31 are deleted herein solely to expedite prosecution and not for reasons related to 
patentability. Claim 27 is amended and claims 30-31 are cancelled without disclaimer or 
prejudice to pursuing the full invention of claims 27 and 30-31 in continuing applications. 

Claims 27-29, and 32-34 are pending in this application. 

Applicants thank the Examiner for withdrawing the previous rejection of claims 27-34 
under 35 U.S.C. § 101 because the claimed invention was allegedly not supported by 
either a specific and substantial utility or a well-established utility. 

Applicants also thank the Examiner for withdrawing the previous rejection of claims 27-34 
under 35 U.S.C. § 112, first paragraph because one of ordinary skill in the art would 
allegedly not know how to use the claimed invention. 

Applicants respectfully traverse the new rejections and request reconsideration in light 
of the below submitted evidence and arguments. 

New Rejection under 35 U.S.C. §§ 101, 112, First Paragraph 

Claims 27-34 are rejected under 35 U.S.C. § 101 because allegedly the claimed invention 
is not supported by either a credible, specific, and substantial asserted utility or a well 
established utility. Claims 27-34 are also rejected under 35 U.S.C. § 112, first paragraph 
because allegedly the claimed invention is not supported by an adequate utility and thus, 
allegedly one of ordinary skill in the art would not know how to use the claimed invention. 

Applicants thank the Examiner for noting that a portion of the previous rejection is 
withdrawn. Specifically, the Examiner no longer asserts that mRNA levels are not 
predictive of polypeptide levels. Thus, the following references are overcome: Haynes, 
Gygi, Llan, Fessler, LaBaer, Chen, Hanna, Greenbaum, Winstead, Irving, etc. The 
Examiner further notes that the following references and evidence, cited and relied on by 
Applicants, will no longer be addressed: Scott Declaration, Polakis Declarations, Futcher 
et al, Alberts and Lewin, Meric, Zhigang etc. 
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According to the Office action, tlie basis of the instant rejection is solely that gene 
amplification levels are not predictive of nnRNA or polypeptide levels. However, as an 
initial matter, the Office action alleges that because only 12 out of 27 colon cancer 
samples tested positive, if a sample were taken from an individual with colon cancer for 
diagnosis, it is more likely than not that this assay would yield a false negative result. 

Applicants respectfully disagree that this indicates the present claims are not supported by 
an adequate utility. For utility, PR0357 does not have to be amplified in every incidence of 
colon cancer. Indeed, there is no requirement that the claimed PR0357 polypeptide 
identify all types and cases of cancer. As the Office action acknowledges, the nucleic acid 
encoding PR0357 is amplified in 93% of the lung tumor samples tested. Thus, Applicants 
respectfully submit that the gene amplification data provides a sufficient utility, at least with 
respect to a diagnostic in lung tumor tissue. A single utility is sufficient to satisfy the utility 
requirement. 

Moreover, any skilled artisan in the field of oncology would appreciate that not all tumor 
markers are generally associated with every tumor, or even, with most tumors. In fact, 
some tumor markers are useful for identifying rare malignancies. That is, the association 
of the tumor marker with a particular type of tumor lesion may be rare, or, the occurrence 
of that particular kind of tumor lesion itself may be rare. In either event, even these rare 
tumor markers, which may not give a positive hit with most common tumors, have great 
value in tumor diagnosis and consequently, in tumor prognosis. The skilled artisan would 
know that such tumor markers are very useful for better classification of tumors. 
Therefore, whether the PR0357 gene is amplified in most of the colon tumors is not 
relevant to its identification as a tumor marker, or its patentable utility. 

Next the Office action alleges that "even if a majority of lung and colon tumor samples had 
tested positive, the data has no bearing on the utility of the claimed PR0357 polypeptides 
[because] for PR0357 polypeptides to be overexpressed in tumors, amplified genomic 
DNA would have to correlate with increased mRNA levels and increased polypeptide 
levels." Page 5 of the Office action mailed 1/22/08. The Office action alleges that the art 
discloses that a correlation cannot be presumed. In support, the Office action relies on 
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references by Pennica, Konopka, Godbout, and Li. However, as discussed below, these 
references do not outweigh the references relied on by Applicants and do not make it 
more likely than not that gene amplification does not correlate with mRNA or polypeptide 
overexpression. 

As a preliminary matter, Applicants respectfully note that it is not a legal requirement to 
establish that gene amplification "necessarily" results in increased expression at the 
mRNA and polypeptide levels or that polypeptide levels can be "accurately predicted." 
As discussed in previous responses, the evidentiary standard to be used throughout ex 
parte examination of a patent application is a preponderance of the totality of the 
evidence under consideration. Therefore, to overcome the presumption of truth that 
Applicants' assertion of utility enjoys, the Office action must establish that it is more 
likely than not that one of ordinary skill in the art would doubt Applicants' 
assertion of utility. Applicants respectfully submit that when this proper standard is 
applied, correlation between gene amplification and levels of mRNA or polypeptide 
expression must be acknowledged. 

Orntoft. Pollack. Hvman. Jares. Fan. Saretzki, Sohn. Forus. W alch. de la Guardia, 
Walker. Blancato. and Cancer Medicine evidence that aene amp lification more 
likelv than not correlates with mRNA and polvpeptide overexpression: 
As the Office action notes. Applicants maintain that Orntoft, Pollack, and Hyman 
demonstrate that gene amplification levels are more likely than not to correlate with 
mRNA levels. Indeed, Applicants maintain that these references support Applicants 
assertion of utility. 

Orntoft et al. studied transcript levels of 5600 genes in malignant bladder cancers, and 
found that in general (18/23 cases) chromosomal areas with more than 2-fold gain of 
DNA showed a corresponding increase in mRNA transcripts. Orntoft et al. also showed 
a clear correlation between mRNA and protein expression levels, stating that "[i]n 
general there was a highly significant correlation (p<0.005) between mRNA and protein 
alteration ... 26 well focused protein whose genes had a known chromosomal location 
were detected in TCCs 733 and 335, and of these 19 correlated (p<0.005) with the 
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mRNA changes detected using the arrays." (See page 42, column 2, to page 44, 
column 2). Accordingly, Orntoft et al. clearly support Applicants' position that proteins 
expressed by genes that are amplified in tumors are useful as cancer markers. 

Similarly as previously argued, Hyman etal. compared DNA copy numbers and mRNA 
expression of over 12,000 genes in breast cancer tumors and cell lines, and found that 
there was evidence of a prominent global influence of copy number changes on gene 
expression levels. 

In Pollack et al., the authors profiled DNA copy number alteration across 6,691 mapped 
human genes in 33 predominantly advanced primary breast tumors and 10 breast 
cancer cell lines, and found that on average, a 2-fold change in DNA copy number was 
associated with a corresponding 1 .5-fold change in mRNA levels. 

Numerous other art references support Applicants' assertion of utility. For example, 
Jares et al. teach that "[a] significant association was observed between gene 
amplification and mRNA overexpression [of PRAD-1, a putative oncogene localized on 
chromosome 1 1q13 which encodes cyclin D1 ] (P<0.0001) with only 3 discordant cases 
(2 amplifications with no overexpression and 1 overexpressed carcinoma with no gene 
amplification). Furthermore, the degree of DNA amplification correlated with the levels 
of mRNA expression (/=0.6; P = 0.024)." Jares, et al.. "PRAD-1 /Cyclin D1 Gene 
Amplification Correlates with Messenger RNA Overexpression and Tumor Progression 
in Human Laryngeal Carcinomas," Cancer Research, 1994. 54:4813-4817 (Abstract). 
(Tab A). Jares concludes that "PRAD-1 /cyclin Dl gene is amplified in a high number of 
laryngeal carcinomas and this amplification is significantly associated with mRNA 
overexpression." /d. at 41 86. 

Fan etal. report similar results stating, "[t]o correlate gene amplification with message 
level, we used real-time quantitative PCR to measure hTERT mRNA in 50 embryonal 
brain tumors. hTERT mRNA was detected in all but one of these cases, and mRNA 
level correlated significantly with gene dosage (/=0.82). Fan et al., "hTERT Gene 
Amplification and Increased mRNA Expression in Central Nervous System Embryonal 
Tumors," /\/77. J. Paf/7., 2003. 162(6): 1763-1 769 (Abstract). (Tab B). Similar to Jares, 
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Fan concludes, "we have shown that the /? 7E/?r oncogene is amplified in a significant 
proportion of medulloblastomas and other CNS embryonal neoplasms. This gene 
amplification correlates with increased expression of hTERT mRNA. Id. at 1768. See 
also Saretzki etal., "hTERT gene dosage correlates with telomerase activity in human 
lung cancer cell lines." Cancer Lett., 2002. 176(1):81-91 ("We found a significant 
correlation between hTERT gene dosage, hTERT mRNA expression and telomerase 
activity.") (Tab C). 

Sohn et al., teach that the results of their cervical cancer study "indicate that the gene 
amplification and expression of MPG [N-methylpurine-DNA glycosylase] were increased 
in high-risk HPV-infected cervical neoplasias." Sohn eetal., "Gene amplification and 
expression of the DNA repair enzyme, N-methylpurine-DNA glycosylase (MPG) in HPV- 
infected cervical neoplasias," Anticancer Res., 2001 . 21 (4A):2405-1 1 . (Tab D). 

Forus teaches "PRUNE [the human homologue of the Drosophila gene] amplification 
was generally accompanied by high mRNA and moderate to high protein levels." Forus 
etal., "Amplification and overexpression of PRUNE in human sarcomas and breast 
carcinomas-a possible mechanism for altering the nm23-H1 activity," Oncogene, 2001. 
20(47):6881-90. (Tab E). 

Walch reported similar findings in breast cancer: "Her-2/neu gene amplification was 
observed in 35% of BCA, and all of these samples showed strong overexpression of 
both mRNA and oncoprotein." Walch, et al., "Her-2/neu gene amplification, elevated 
mRNA expression, and protein overexpression in the metaplasia-dysplasia- 
adenocarcinoma sequence of Barrett's esophagus," Lab Invest, 2001 . 81 (6):791-801 . 
(Tab F). See also. Walker ef al., "An immunohistochemical and in situ hybridization 
study of c-myc and c-erbB-2 expression in primary human breast carcinomas," J. 
Pathol. 1989. 158(2):97-105. ("There was a good correlation between gene 
amplification the presence of c-erbB-2 protein and mRNA: both the latter were detected 
in six of the seven carcinomas with an amplification but in none without.") (Tab G); 
Blancato et al., "Correlation of amplification and overexpression of the c-myc oncogene 
in high-grade breast cancer: FISH, in situ hybridization and immunohistochemical 
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analyses," Br. J. Cancer, 2004. 90(8): 161 2-9 ("Statistically significant correlations were 
identified among the gene amplification indices, the RNA expression scores and protein 
expression scores. C-myc gene amplification, as detected by FISH, was significantly 
associated with expression of its mRNA."). (Tab H). 

Cancer Medicine teaches "[i]n general, there is a correlation between MYCN copy 
number and expression at the messenger ribonucleic acid (mRNA) and protein levels." 
(Tab I). See also de la Guardia, et ai, "CENP-F gene amplification and overexpression 
in head and neck squamous cell carcinomas," Head Necl<, 2001. 23(2): 104-1 2 ("CENP- 
F gene is amplified and overexpressed in HNSCC." (Tab J). 

Applicants respectfully submit that the aforementioned references relied on by 
Applicants demonstrate that more likely than not, the claimed invention is supported by 
a specific, and substantial diagnositc utility. Specifically, the utility is substantial 
because it distinguishes cancer cells from normal cells, which is not an insubstantial or 
trivial utility without a real world use. This utility is also specific because it is directed to 
specific types of cancer, lung and colon, and it is not a utility shared by every nucleic 
acid. 

Pennica. Konopka. Godbout and Li do not outweigh the above-discussed 
evidence: 

As stated previously, the Office action relies on references by Pennica, Konopka, 
Godbout and Li. The teachings of these references do not overcome the clear teaching 
of the above-discussed references, that generally, it is more likely than not that a gene 
amplified in cancerous tissues is overexpressed as mRNA and useful as a diagnostic. 

Specifically, according to the Office action, Pennica eta!., provide "[a] specific example 
of the lack of correlation between genomic DNA amplification and increased mRNA 
expression." Page 6 of the Office action mailed 1/22/08. Applicants respectfully 
disagree that the teachings of Pennica demonstrate that more lil<elv than not one of 
ordinary skill in the art would not expect gene amplification levels to correlate with 
protein overexpression. First, WISP-1 gene amplification and RNA expression levels 
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examined in Pennica showed a significant positive correlation. Second, although 
Pennica stated that WISP-3 was not significantly amplified, it was amplified (P=1 .666) 
and overexpressed. Third, although WISP-2 gene amplification and RNA expression 
levels seemed to be Inversely related, Pennica suggests that this result might be 
inaccurate: "[bjecause the center of the 20q13 amplicon has not yet been identified, it is 
possible that the apparent amplification observed for WISP-2 may be caused by another 
gene in this amplicon." See Pennica at 14722. Thus, because the RNA expression 
pattern of WISP-2 cannot be accurately attributed to gene amplification of WISP-2, this 
result should be disregarded. 

Although the Examiner correctly concludes that Pennica teaches that increased copy 
number does not necessarily result in increase polypeptide expression, the standard for 
utility is not absolute certainty. Thus, the fact that in the case of a specific class of 
closely related molecules there seemed to be no strong correlation with gene 
amplification and the level of mRNA/protein expression, does not establish that it is 
more likely than not, in general, that such correlation does not exist. The Examiner has 
not shown whether the lack of correlation observed for the family of WISP polypeptides 
is typical, or is merely a discrepancy, an exception to the rule of correlation . Indeed, the 
working hypothesis among those skilled in this art is that, if a gene is amplified in 
cancer, the encoded protein is likely to be expressed at an elevated level. In fact, as 
noted even in Pennica, "[a]n analysis of WISP-1 gene amplification and expression in 
human lung tumors showed a correlation between DNA amplification and 

overexpression " (Pennica, page 14722, left column, first full paragraph, emphasis 

added). 

Accordingly, Applicants respectfully submit that Pennica teaches nothing conclusive 
regarding the absence of correlation between amplification of a gene and 
overexpression of the encoded WISP polypeptide. More importantly the teaching of 
Pennica et al is specific to WISP genes. As the PTO recognized during prosecution of 
US Patent No. 7,208,308 to Genentech, Pennica has no teaching whatsoever about the 
correlation of gene amplification and protein expression in General. 
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Applicants respectfully submit that the Examiner's reliance on Konopka is similarly 
misplaced. From that reference, the Examiner has generalized a very specific result to 
cover all genes. Konopka actually states that "[pjrotein expression is not related to 
amplification of the abl gene but to variation in the level of bcr-abi mRNA produced from 
a single Ph^ template." (See Konopka, Abstract). This paper does not teach anything 
whatsoever about the correlation of protein expression and gene amplification in 
general, and provides no basis for the generalization that apparently underlies the 
present rejection. This statement of Konopka is not sufficient to establish a prima facie 
case of lack of utility. Indeed, just as the PTO recognized during prosecution of US 
Patent No. 7,208,308 that Pennica has no general teaching, the PTO also recognized 
that Konopka is not directed towards genes in general but rather to single genes or 
single families of genes. Thus, Konopka, like Pennica, cannot support a general 
conclusion against correlation of gene amplification and mRNA or polypeptide 
expression levels. 

The Office action notes that another reference, Godbout, teaches that amplified genes 
are overexpressed if they provide a selective advantage. According to the Examiner, 
this reference demonstrates Applicants' asserted utility is insufficient because "[tjhere is 
no evidence that PR0357 confers any growth advantage to a cell, and thus it cannot be 
presumed that the protein is overexpressed because the genomic DMA including the 
gene being studied is amplified." Page 7 of the Office action mailed 1/22/08. 

As an initial matter. Applicants respectfully submit that it was never claimed that 
PR0357 is similar in any way to the DDX1 gene of Godbout. Applicants never claimed 
PR0357 was an RNA helicase or that it confers selective advantage to cell survival. 
Rather, the Godbout reference was submitted to show good correlation between protein 
levels and genomic DNA amplification, a point the Examiner does not dispute Godbout 
teaches. Using the teachings of Godbout regarding genes co-amplified based on 
selective advantages against Applicants' asserted utility is improper because selective 
advantage to cell survival is not the only mechanism by which genes impact cancer. 
Indeed, Godbout does not teach that gene amplification fails to correlate with mRNA 
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expression or polypeptide expression outside of the context of a gene conferring 
selective advantage. 

Moreover, Applicants respectfully submit that the aspect of Godbout based on co- 
amplified genes does not apply to PR0357 because amplification of PR0357 was 
confirmed by epicenter mapping. Specifically, Applicants confirmed that amplification of 
the closest known epicenter markers did not occur to a greater extent than that of 
PR0357. Applicants teach that this "strongly suggests that the DMAs tested are 
responsible for the amplification of the particular region on the respective chromosome." 
Paragraph 0750. Thus, based on this teaching of the specification, one of ordinary skill 
in the art would conclude that PR0357 is not a co-amplified gene but rather an 
amplified gene. 

Nor does the final reference relied on by the Examiner establish that Applicants' 
assertion of utility is inadequate. Similar to Godbout, Li teaches that "genes that are 
concurrently amplified because of their location with respect to amplicons" generally do 
not show correlation between gene amplification and mRNA or polypeptide 
overexpression. Applicants respectfully disagree that Li is persuasive evidence in the 
context of the present invention. As discussed above, framework and epicenter 
mapping analyses were carried out for PR0357 to confirm that PR0357, and not some 
other gene, is responsible for the observed gene amplification. This coupled with the 
high rates of observed amplification (approximately 2 to 8 fold amplification in nearly 
62% of all tissues tested) indicates that PR0357 gene amplificafion more likely than not 
correlates with overexpression of the PR0357 polypeptide. 

Moreover, according to the Examiner, Li is relevant for teaching that "68.8% of the 
genes showing overrepresentation in the genome did not show elevated transcript 
levels." (Page 7 of the Office action mailed 1/22/08). However, Applicants respectfully 
point out that Li acknowledged that their results differed from those obtained by Hyman 
and Pollack (both of record), who found a substantially higher level of correlation 
between gene amplification and increased gene expression. Li notes that "[t]his 
discordance may reflect that methodologic differences between studies or biological 
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differences between breast cancer and lung adenocarcinoma." (Page 2629, col. 1). 
For instance, as explained in the Supplemental Information accompanying the Li article, 
genes were considered to be amplified if they had a copy number ratio of at least 1.40 . 
In the case of PR0357, as discussed in previously filed responses and in the Goddard 
Declaration (of record), an appropriate threshold for considering gene amplification to 
be significant is a copy number of at least 2.0 (which is a higher threshold). PR0357 
showed significant amplification of 2^ °^ to 2 ^^^-fold and thus fully meets the standard of 
Li. The results of Li do not conclusively disprove that a gene with a substantially higher 
level of gene amplification, such as PR0357, would be expected to show a 
corresponding increase in transcript expression. 

There is no requirement that only direct evidence of utility is sufficient to establish utility. 
Instead, it is established law that indirect evidence that is reasonably indicative of utility 
is sufficient to fulfill the requirements of 35 U.S.C. § 101 . Nelson v. Bowler, 626 F.2d 
853, 856 (CCPA 1980). Indeed, so long as there is a reasonable correlation between 
the evidence and the asserted utility, direct evidence is not needed. Applicants have 
demonstrated a reasonable correlation based on the references cited and discussed 
herein. Even if the references relied on by the Examiner provide some evidence that 
the correlation between Applicants' evidence and the asserted utility is not exact 
(Applicants do not concede that the cited references do provide such evidence). 
Applicants evidence still is sufficient to satisfy the utility requirement. See Fujikawa v. 
Wattanasin, 93 F.3d 1559 (Fed. Cir. 1996) (stating that "a 'rigorous correlation' need not 
be shown in order to establish practical utility; 'reasonable correlation' suffices"). 

Maintained Rejection under 35 U.S.C. § 102: 

Rejection of claims 27-34 under 35 U.S.C. § 102 as allegedly being anticipated by.Botstein 
(WO 99/35170) is maintained. Specifically, the Office action sets forth new grounds of 
rejection under 35 U.S.C. §§ 101 and 112 and concludes that "the claims are not entitled 
to the benefit of the filing date of the earlier filed applications" because of these rejections. 
Page 3 of the Office action mailed 1/22/08. 
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Applicants respectfully disagree with this ground of rejection. Applicants have 
overcome the new rejections based on the evidence and arguments submitted herein 
and continue to rely, on their prior arguments. Specifically, Applicants previously noted 
that an application for a patent based on the present invention was filed at least as early 
as December 22, 1998 (see US Provisional Application Serial No. 60/11 3,296), which is 
prior to the publication date of the cited reference. For the reasons discussed above, 
the gene amplification experiment discussed in both the present application and 
provisional application 60/113,296 satisfies the requirements of 35 U.S.C. §§ 101 and 
112. As such. Applicants respectfully submit that rejection of claims 27-34 under 35 
U.S.C. § 102(b) based on the Botstein reference (WO 99/3517, published 7/15/99) is 
improper and respectfully request that this ground of rejection be withdrawn. 

New Rejection under 35 U.S.C. § 112, Second Paragraph 

Claims 27, 30-31, and 33-34 are rejected under 35 U.S.C. § 112, second paragraph, as 
allegedly indefinite for failing to particularly point out and distinctly claim the subject matter 
which Applicants regard as the invention. The Office action alleges "extracellular domain" 
as set forth in the claims is indefinite. Page 1 1 of the Office action mailed 1/22/08. 

Applicants respectfully disagree. This rejection is flawed because it incorrectly requires 
the term "extracellular domain" be defined in the claims. That is not the standard for 
definiteness. Instead, the test is whether "those skilled in the art would understand what is 
claimed when the claim is read in liaht of the specification. " Orthokinetics, Inc. v. Safety 
Travel Chairs, Inc., 806 F.2d 1565, 1576 (Fed. Cir. 1986). The claims here cannot be 
indefinite because the specification explains what "extracellular domain" refers to: 

The PRO polypeptide "extracellular domain" or "ECD" refers to a form of the PRO 
polypeptide which is essentially free of transmembrane and cytoplasmic domains. 
Ordinarily, a PRO polypeptide ECD will have less than 1% of such transmembrane 
and/or cytoplasmic domains and preferably, will have less than 0.5% of such 
domains. It will be understood that any transmembrane domains identified for the 
PRO polypeptides of the present invention are identified pursuant to criteria 
routinely employed in the art for identifying that type of hydrophobic domain. The 
exact boundaries of a transmembrane domain may vary but most likely by no more 
than about 5 amino acids at either end of the domain as initially identified herein. 
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Optionally, therefore, an extracellular domain of a PRO polypeptide may contain 5 
or fewer amino acids on either side of the transmembrane domain/extracellular 
domain boundary as identified in the Examples or specification and such 
polypeptides, with or without the associated signal peptide, and nucleic acid 
encoding them are contemplated by the present invention. 

See paragraph 178. Figure 26 provides further information to assist one of ordinary skill in 
the art in understanding the specification's explanation of "extracellular domain." For 
example. Figure 26 identifies the transmembrane domain as located from approximately 
amino acids 501-522 of the 598 amino acid sequence of PR0357. However, solely to 
expedite prosecution, and not for reasons related to patentability. Applicants have herein 
amended claim 27 by deleting language relating to "extracellular domain" and cancelled 
claims 30-31 . These amendments are made without disclaimer or prejudice to pursuing 
such claims in continuing applications. 

The Office action also alleges recitation of "signal peptide" is indefinite. However, again 
the specification provides guidance. Specifically at Figure 26, the specification identifies 
the signal sequence as occurring from amino acids 1-23. 

Only when a claim is "insolubly ambiguous" is it indefinite. Metabolite Labs., Inc. v. Lab. 
Corp. of Am. Holdings., 370 F.3d 1354, 1366 (Fed. Cir. 2004). Claims 27, 30-31, and 33- 
34 are not rendered "insolubly ambiguous" by recitation of "signal sequence" since the 
specification provides guidance. Applicants respectfully submit this ground of rejection is 
overcome for claims 27, 30-31 , and 33-34 and respectfully request it be withdrawn. 

Rejection under 35 U.S.C. § 112, first paragraph: 
Written Description 

Claims 27, 30-31, and 33-34 are rejected under 35 U.S.C. § 112, first paragraph for 
allegedly failing to comply with the written description requirement. Specifically, the 
office action alleges that "the scope of the claims includes a genus of isolated 
polypoeptides that comprise the amino acid sequence of some undisclosed 
'extracellular domain' of SEQ ID NO:69 and chimeric polypeptides comprising such." 
Pages 12-13 of the Office action mailed 1/22/08. 
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Solely to expedite prosecution, and not for reasons related to patentability, Applicants 
have herein amended claim 27 by deleting language relating to "extracellular domain" and 
cancelled claims 30-31 . These amendments are made without disclaimer or prejudice to 
pursuing such claims in continuing applications. 

The Examiner kindly acknowledges that the isolated polypeptides comprising the amino 
acid sequence of SEQ ID NO:69, optionally lacking its associated signal peptide, meets 
the written description requirement. Page 14 of the Office action mailed 1/22/08. 
Applicants respectfully submit that this ground of rejection is overcome and respectfully 
request it be withdrawn. 

CONCLUSION 

Applicants respectfully request the Examiner grant allowance of claims 27-29 and 32- 
34. The Examiner is invited to contact the undersigned attorney for the Applicant via 
telephone if such communication would expedite this application. 

Respectfully submitted, 

C. Noel Kaman 
Registration No. 51 ,857 
Attorney for Applicant 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312)321-4200 
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ABSTRACT 

PRAD*1 is a putative oncogene localized on chromosome tlql3 which 
encodes cydin Dl, a novel cydln Involved hi cell cyde regulation. Ampll- 
flcatioD of this gene has recently been reported hi several human tumors 
faicfatdhig breast and head and neck cardnomas. In this study we have 
analyzed the presence of PRAD-l/eyclin Dl gene amplification and mRNA 
overexpression in a series of 46 matched normal mucosas and squamous 
cell carcinomas of the laryni. PRAD-l/cycUn Dl was found to be amplified 
2- to 12-rohl bi 17 cardnomas (37%). DNA amplification oorrdated with 
advanced local faivaslon (F = 0.0015), presence of lymph node metastases 
{P s OUMTS), and stage IV of the tumors (P » 0.0021). mRNA overex- 
pression was found fas 15 of the 43 (35%) cases examhied and It was also 
significantly associated with advanced local bivaslon {P - OilOZS) and 
stage IV cardnomas {P s 0.0032). A significant association was observed 
between gene amplification and mRNA overexpression (P < 0.0001) with 
only 3 discordant cases (2 amplifications with no overexpression and 1 
overexprcssed cardnoma with no gene amplification). Furthermore, the 
degree of DNA amplification correUted witii the levels of mRNA expres- 
sion (r = 0.6; F 0U»24). These fimUngs suggest that the PRAD-VcycUn 
Dl gme may be an hnportant target ofl lql3 amplifications hi bryngeal 
cardnomas and the activation of this gene may be Involved In the pro- 
gression of these tumors. Its association with advanced-stage tumors 
hidlcates that PRAD-l/cyetin Dl gene amplification and overexpression 
may be of prognostic significance. 

INTRODUCTION 

S(X^ of the larynx is an aggressive malignant neoplasm relatively 
frequent in certain countries (1). Epidemiological studies have iden- 
tified personal habits (tobacco and alcohol), environmental, and viral, 
as major factors in the pathogenesis of laryngeal and other head and 
neck carcinomas (1). Malignant conversion of laryngeal mucosa is a 
progressive process in which several premalignant lesions have been 
morphologically recognized (2). The molecular mechanisms impli- 
cated in the malignant transformation and progression of these 
neoplasms are not well known. 

Cytogenetic analysis of head and neck SCC have identified fre- 
quent chromosome abnormalities at llql3, including clonal rear- 
rangements and presence of homogeneously stained regions (3, 4). 
Several molecular studies have shown amplification of genes located 
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on this band (wr-2. and bclA locus) in 30-50% of the SCC of 
head and neck (5-8). Similarly, amplification of genes located on the 
llql3 region may be involved in the development of other solid 
tumors such as lung (9), esophageal (10, 11), breast (5, 12-14), 
urinary bladder (15), and hepatocellular carcinomas (16). However, in 
spite of their amplifications, no RNA expression of wr-2, hst-l, or 
bcl-\ locus have been consistently demonstrated in fresh tumors or 
cell lines, suggesting that none of them are significant targets of the 
llql3 amplification (6, 17). 

PRAD'l is a gene localized on chromosome llql3 which was 
originally isolated as a gene clonally rearranged and overexpressed in 
parathyroid adenomas (18). This gene also seems to be the bcl-l- 
related gene activated by the t(ll;14) translocation in some B-cell 
lymphomas/leukemias (19). PRAD-1 encodes a novel cyclin called 
cyclin Dl which may play an important role in the control of the cell 
cycle at the Gj-S transition, probably by interacting with the retino- 
blastoma gene product (20, 21). Recently, transfection studies have 
demonstrated that PRAD-l/cyclin Dl may function as a cooperating 
oncogene in the malignant transformation of cells (22). PRAD-1/ 
cyclin Dl gene may also be a target of llql3 amplifications in solid 
tumors. Amplification and overexpression of this gene have been 
observed in breast and squamous cell carcinomas (17, 23-26). How- 
ever, overexpression in squamous cell carcinomas has been mainly 
investigated in tumor cell lines (17, 23-25) and. therefore, the role of 
this gene in the progression of these tumors is unknown. 

In this study we have analyzed PRAD-l/cyclin Dl gene amplifica- 
tion and mRNA expression in a large series of human laryngeal 
carcinomas, and the results were conelated with the clinical and 
pathological characteristics of the patients. 

MATERIALS AND METHODS 

PBtknts and Tissues. A total of 46 human SCC of the larynx were 
obtained from 46 male paticnU (median age, 61 years, range. 39 to 92) who 
underwent surgery in our hospital from January 1992 lo June 1993. Samples 
from tumor areas and nonneoplastic adjacent mucosas were snap-frozen in 
isopentane precooled in liquid nitrogen and stored at -80°C until studied. The 
remaining specimen was fixed in formalin and routinely processed. 

The anatomical location of the tumors was glottic in 12 (26%). supragloUic 
in 16 (35%), pyriform sinus in 2 (4%), and transgiottic in 16 (35%) (Table 1). 
Tumors were classified as keratinizing in 28 cases (61%) and nonkeraUnizing 
in 18 (39%). The grade of differentiation was csUblishcd according to Brodcrs* 
criteria. Grades 1 and 2 were considered as low-grade carcinomas (15 cases, 
32%) and Grades 3 and 4 as high-grade carcinomas (31 cases, 68%). Staging 
of tumors was established according to the American Joint Committee on 
Cancer (1992) (27). Thus, 2 patients had stage I carcinoma (4%). 3 had stage 
n (6%). 20 had stage III (44%). and 21 had sUigc IV (46%). 

DNA ExtrvctioD and Southern Blot Analysis. High-molecular-weigbt 
DNA was isolated from frozen tissue of 46 carcinomas and matched normal 
mucosas. Cryostat sections of these cases were previously examined in order 
lo determine the proportion of normal and neoplastic tissue present in each 
sample. Tumor samples were selected only if more than 75% of the section had 
carcinoma. DNA was extracted by conventional methods (28), and 10 Mg were 
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digested with EcoRl DNA from selected cases was also digested with Bglll 
and Hirunil The samples were separated on 0.8% agarose gels and transfcircd 
to Hybond-N membranes (Amersham Int., Amersham. United IGngdom). The 
membranes were prehybridizcd with 50% formamide, 5X SSQ 5X Dcnhardt*s» 
500 p.g/ml denatured salmon sperm DNA, at 42X for 6 h, and hybridized with 
50% formamide, 5X SSC, IX Denhardt*s. 100 ^g/ml salmon sperm DNA, 
10% dextran sulfate, and 10* cpm/ml of '^P-labelcd PRAD-1 probe for 24 h. 
After hybridization, membranes were washed with 2X SSC, 0.1% SDS at room 
temperature for 30 min followed by 2X SSC, 0.1% SDS at 60T for 30 min, 
and O.IX SSC, 0.1% SDS at 60rc for 1 h. The filters were then autoradio- 
graphed by using intensifying screens at -TO^C for 24-72 h. After being 
stripped free of the PRAD-1 probe, the same blots were hybridized with a 
^^P-labeled 0-actin probe to normalize against possible variations in loading or 
transfer of DNA. 

The autoradiograms were analyzed by using a UVP-5000 video densitom- 
eter (UVP, San GabrieK CA). Intensities of PRAD-l/cycUn Dl bands were 
normalized to the /3-actin control bands. The degree of amplification was 
calculated from these normalized values. Amplification was considered when 
the signal of the tumor band was a2-fold the value of its matched normal 
mucosa. 

RNA Extraction and Nortbcrn Blot Analysis. Total RNA was isolated 
from frozen tissue of 43 carcinomas and matched normal mucosa by guanidine 
isothiocyanate extraction and cesium chloride gradient centrifugation (28, 29). 
Genomic DNA had been previously obtained in all cases. Eight fig of RNA 
from each sample were electrophoresed on a 1.2% agarose formaldehyde ge! 
and transferred to Hybond-N membranes (Amersham). The PRADl comple- 
mentary DNA probe was ^^P-labcled by random priming and hybridized to the 
blots at 45*C overnight. Washes after hybridization included a final step under 
stringent conditions in O.lx SSC. 0.1% SDS at dS^C for 30 min. After being 
stripped free of the PRAD-1 probe, the same blots were hybridized with a 
^^P-labeled 28S rRNA probe to normalize against possible variations in 
loading or transfer of RNA. 

Hybridization signals of different radioautographic exposures within the 
linear response range were quantified as previously described, and the values 
of each case were normalized to the respective 28S rRNA signal. Overexpres- 
sion was considered when the signal of the tumor band was 2-fold the value of 
the matched normal mucosa. 

Probes. Probes were radiolabeled with the use of a random primer DNA- 
labcling kit (Promcga Corp., Madison, Wl) with (^^P]dCTP. The PRAD-1 
probe used was a 1.4-kilobase £coRI fragment (APl-4) of the pPL-8 partial 



complementary DNA clone of PRAD-i gene (kindly provided by Dr. A. 
Arnold, Massachussets General Hospital, Boston, MA) (18). 

Statistical Analysis. ;^ test and Fisher's exact test were used for compar- 
ison between qualitative or categorical data. RR was computed according to 
previously described methods (30). Linear correlation of DNA amplification 
against RNA overexpression was carried out by means of the Pearson product 
moment correlation. Data were analyzed with the BMDP statistical software 
package (BMDP Statistical Software, Inc.). 

RESULTS 

PRAD-l/CycUn Dl Gene Amplification in Laryngeal SCC. The 
PRAD-1 probe detected 3 EcoRl fragments of 4.0, 2.2, and 2.0, 
and 1 5^/11 fragment of 15 kilobases as previously described (25). 
PRAD-l/cyclin Dl gene amplification was detected in 17 of the 46 
cases analyzed (37%). The degree of amplification was heterogeneous 
from tumor to tumor with a 2- to 12-fold variation when compared 
with the signal of the respective normal mucosa. Amplifications were 
confirmed with other restriction enzymes (Fig. 1 and 2). No rearrange- 
ments were seen in any tumor sample. 

The correlations between gene amplification and the clinical and 
pathological characteristics of the patients are summarized in Tables 
1-4. PRAD-l/cyclin Dl gene amplification was significantly associ- 
ated with an advanced stage of the tumors (Table 2). Amplification 
was found in 13 of the 21 (62%) stage IV carcinomas while only in 4 
of the 25 (16%) stage I-IIl carcinomas (P = 0.0021; RR = 2.4). 
Similarly, DNA amplification was detected in 61% (11 of 18) of the 
carcinomas with extensive local invasion (T4 carcinomas) but only in 
22% (6 of the 28) of the carcinomas with limited invasion (Tj-Tj 
tumors) {P = 0.0015; RR = 3.4) (Table 3). There was also a 
significant correlation between the PRAD-l/cyclin Dl gene amplifi- 
cation and the presence of lymph node metastases (P — 0.0078; 
RR = 5.9) (Table 4). Nonkeratinizing carcinomas were more fre- 
quently amplified (50%) than keratinizing tumors (29%) (Table 1). 
This difference, however, was not statistically significant. No associ- 
ation was observed between amplification and the age of the patient, 
histological grade, or localization of the tumor (Table 1). 



Fig. 1. A, Southern btol analysis of seven fcpre- 
sentative matched squamous cell carcinomas of the 
larynx {T) and normal mucosa (AO specimens. Num- 
bers oonespond to specific patients. Genomic DNA 
was digested with Bgt[\ and fractionaied by electio- 
phoresis in a 0.8% agarose gel. After transfer, the 
membranes were hybridized with PRAD-1 probe and 
subsequently with a 3-actin probe for loadii^g oontrtd. 
Tunxss 10. 44. 3. 46. 73. and 98 show different 
degrees of PRAD-t/cycUn Dl amplification, whereas 
tumor 35 was not amplified. 0. Northern Not analysis 
of the same matched carcinomas (T) and oormal mu- 
cosas {H) shown in A. Eight it% of total RNA were 
electrophoresed on a 1.2% agarose/formaklchyde gel 
and transferred to nylon membranes. The filters were 
hybridized to the PRAD-1 probe and subsequcnUy to 
a 28S rRNA probe for loading control. Two tran- 
scripts of 4.5 and 1.5 kilobases were observed in all 
the samples. TUnxns 10, 44, 3. 46, and 73 with DNA 
amplification also showed mRNA overexpression 
when compared to their reflective normal mucosas^ 
Tumor 98 was amplified bul no< ovcrcxprcsscd, and in 
case 35 neither amplificalion nor overexpression was 
detected. 
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Frad'l/CycUn Dl mRNA Overexpression in Laryngeal SCC. In 
order to determine whether the PRAD-l/cyclin Dl gene was tran- 
scribed in laryngeal carcinomas, total RNA was obtained from addi- 
tional tissue available in 43 carcinomas and the respective nonneo- 
plastic mucosa. On Northern blot analysis, the PRAD-I signal showed 
two transcripts of 4.5 and 1.5 kilobases. Low levels of these two 
transcripts were detectable in all normal samples. Fifteen carcinomas 
(35%) showed from 2- to 18-fold overexpression when compared to 



Tabic 3 Co/rotation between PRAD-I gene ampliftcation/overexpression and local 
invasion (T} in laryngeal carcinomas 



73 



46 



35 



PRAD-l 



N 



N 



N 




fi-Actin 



Fig. 2. Southera blot analysis of three carcinomas (T) and their respective nonnal 
mucosas (N). Genomic DNA was digested with £coRI and fractionated by electrophoresis 
in a 0.8% agarose gel. After transfer, the membranes were hybridized with PRAD-l probe 
and subsequently with a 0-actin probe for loading control. The identification of the 3 
patients is the same as in Fig. 1. As observed with BgfiU amplification was present in 
tumoTS 73 and 46 but not in case 35. 



Table 



PRAD-l/cycUn Dl gene amplification/overexpression and pathological 
characteristics of the patients 



DNA amplification 



mRNA overexpression 





n 


+{%) 


-(%) 


n 


+(%) 


-(%) 


Age (median) 




65 


68 




65 


67 


Keratinization 














Present 


28 


8(29) 


20(71) 


26 


6(23) 


20(77) 


Absent 


18 


9(50) 


9(50) 


17 


9(53)- 


8(47) 


Histological grade 










5(36) 


9(64) 


Low 


15 


5(33) 


10(67) 


14 


High 


31 


12(39) 


19(61) 


29 


10(35) 


19(65) 


Localization 














Supraglottic 


16 


5(31) 


11(69) 


13 


3(23) 


10(77) 


Pyriform sinus 


2 


2(100) 


0(0) 


2 


2(100) 


0(0) 


Glottic 


12 


3(25) 


9(75) 


12 


3(25) 


9(75) 


Transglottic 


16 


7(44) 


9(56) 


16 


7(44) 


9(56) 


Total 


46 


17(37) 


29(63) 


43 


15(35) 


28(65) 



' P = 0.047. 



Table 2 Correlation between PRAD-l gene amplijication/overexpression and tumor 
stage in laryngeal carcinomas 



Stage 




DNA 




RNA 


n 


Amplification (%)" 


n 


Overexpression (%)* 


1 


2 


0(0) 


2 


0(0) 


11 


3 


1(33) 


3 


0(0) 


III 


20 


3(15) 


18 


3(17) 


IV 


21 


13(62) 


20 


12(60) 


Total 


46 


17(37) 


43 


15 (35) 



" Stage l-UI venus stage IV {P = 0.0021). 
* Stage Mil versus stage IV (P = 0.0032) 







DNA 




RNA 


n 




Amplification (%f 


n 


Overexpression i%f 


T, 2 




0(0) 


2 


0(0) 


12 4 




1(25) 


4 


0(0) 


T3 22 




5(23) 


20 


4(20) 


T4 18 




11(61) 


17 


11(65) 


Total 46 




17(37) 


43 


15(35) 


T,_3 v^rjuj T4 




= 0.0015). 






T|_3 versus T4 




= 0.0025). 






Table 4 Correlation between PRAD-I gene amplijication/overexpression and lymph 




node metastases in laryngeal carcinomas 






DNA 




RNA 


Metastasis 


n 


Amplification (%f 


n 


Overexpression (%)* 


Negative 


37 


10(27) 


35 


10(28) 


Positive 


9 


7(78) 


8 


5(62) 


Total 


46 


17(37) 


43 


15(35) 


" /> = 0.0078. 










not significant. 








Table 5 Correlation between PRAD-l/cyctin 


Dl gene amplification and mRNA 


overexpression in 43 laryngeal carcinomas (P < 0.0001) 








DNA amplification 


mRNA overexpression n 


Positive 


Negative 


Positive 




15 


14 


1 


Negative 




28 


2 


26 


Total 




43 


16 


27 



the signal of the matched mucosa- No anomalous transcripts were 
detected in any of the cases (Fig. 1), 

The finding of mRNA overexpression in carcinomas correlated 
significantly with the presence of DNA amplification (Table 5) 
(P < 0.0001). Discordance between amplification and overexpression 
was observed in only three cases: two amplified tumors did not show 
mRNA overexpression whereas high levels of transcription were 
observed in one carcinoma in which Southern blot analysis did not 
detect gene amplification. The relationship between the degree of 
gene amplification and the level of mRNA expression was analyzed in 
the 14 cases with amplification and overexpression (Fig. 3). Linear 
analysis showed a significant conelation between these two parame- 
ters with an r value of 0.6 (P = 0.024). 

As in gene amplification, a significant correlation was found be- 
tween PRAD'l/cyclin Dl overexpression and clinical progression of 
the disease (Tables 2, 3, and 4). mRNA overexpression was observed 
in 12 of the 20 (60%) stage IV carcinomas, but in none of the 5 stage 
mi tumors, and in only 3 of the 18 (17%) stage III cases (P = 0.0032, 
RR = 2.8). The local invasion of carcinomas with high mRNA levels 
was also significantly more advanced than in tumors with normal 
expression of this gene {P = 0.0025, RR = 3.3) (Table 3). Overex- 
pressed carcinomas were more frequently associated with lymph node 
metastases (62%) than tumors which were not overcxpresscd (28%) 
(Table 4), although this difference did not reach statistical signifi- 
cance. Nonkeratinizing carcinomas were more frequently overex- 
pressed (53%) than keratinizing tumors (23%) (P = 0.047; Table 1). 
No correlation was observed between overexpression and the age of 
the patients, histological grade, or localization of the tumors (Table 1). 

DISCUSSION 

Amplification of llql3 genes has been observed in 10-50% of 
squamous cell carcinomas of the head and neck, lung, and esophagus, 
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Fig. 3. ConelatioD between DNA amplification and mRNA overexpression in the 14 
cases with PRAD-l/eyclin Dl amplification and ovciexprcssion. The leveb of mRNA 
overexpression are significantly related to the degree of DNA amplification (r = 0.6; 
F = 0.024). 



indicating that genes located on this amplicon may play a role in the 
development and/or progression of these tumors (5-8, 10, 11). Oc- 
casional laryngeal carcinomas have been included in some of the head 
and neck series. However, no specific analysis has been performed in 
this group of carcinomas. In this study we have demonstrated that 
PRAD-l/cyclin Dl is amplified in a relatively high number of SCC of 
the larynx and this amplification is associated with overexpression of 
the gene. Interestingly, amplification and overexpression were signif- 
icantly more frequent in carcinomas with advanced local invasion, 
lymph node metastases, and, consequently, with an advanced tumor 
stage. 

Amplification of the llql3 region has been correlated with more 
advanced primary tumors and shortened survival in breast and esoph- 
ageal carcinomas (11, 14, 31). There are some indications that am- 
plification of llql3 may also be associated with poorly differentiated 
and advanced head and neck carcinomas (6, 7). In these studies, 
however, the series examined was too small to show statistical sig- 
nificance. Two genes localized on this amplicon, m/-2 and hst-l, had 
been considered as candidates to be activated by this amplification. 
However, in contrast to the overexpression of PRAD-1^ their levels of 
mRNA were consistently undetectable (6, 17). Our study confirms the 
relationship between llql3 amplifications and poor prognosis param- 
eters in SCC of the larynx. In addition, the consistent mRNA up- 
regulation of the PRAD-l/cyclin Dl gene in our cases supports the 
idea that this gene plays an important role in the aggressive behavior 
of these lesions. 

How overexpression of cyclin Dl may participate in the progres- 
sion of these tumors is unknown. Recently, several studies have found 
that cyclin Dl overexpressing cells have abnormal proliferative char- 
acteristics with a shortened Gj phase and less dependence on growth 
factors (20, 32). Cyclin Dl may also function as an oncogene coop- 
erating with other oncogenes in cellular transformation (22). How- 
ever, the tumorigenic and transforming properties of cyclin Dl seem 
to be less effective than the conventional oncogenes (20, 22). The 
overexpression of cyclin Dl in the late steps of the progression of 
human laryngeal carcinomas observed in our study suggests that this 
gene does not play a role in the initial transformation of squamous 
cells. Its up-regulation, however, may confer some growth advantage 
to cells already transformed by other mechanisms contributing to an 
increase in the aggressiveness of the tumor. 

Association between PRAD-l/cyclin Dl gene amplification and 



overexpression has been observed in some cell lines (17, 23, 24). 
However, this correlation is more difficult to demonstrate in solid 
tumors because of tumor heterogeneity and the possible dilutional 
effect of nonneoplastic tissue present in the sample (23, 24). To 
minimize this problem only samples with more than 75% of tumor 
cells have been included in this study. The high correlation between 
* overexpression and amplification observed in our study indicates that 
amplification is the main mechanism leading to PRAD-l/cyclin Dl 
gene activation in SCC of the larynx. However, overexpression was 
observed without gene amplification in one case. Similarly, mRNA 
up-regulation with no gross genetic abnormalities has also been ob- 
served in some human breast carcinomas and solid tumor cell lines 
(17, 24). These findings suggest that alternative mechanisms of acti- 
vating PRAD-l/cyclin Dl gene such as translocations, mutations in 
gene regulatory regions, or stabilization of mRNA may also occur, 
PR/iD-l/cyclin Dl expression is activated by chromosome transloca- 
tions and inversions in lymphoid neoplasms and parathyroid adeno- 
mas (18, 19). Ilql3 translocations have been also described in some 
squamous cell carcinomas, suggesting that this mechanism may also 
activate this gene in this type of tumors (3, 20). Although no rear- 
rangements were delected in the PRAD-l/cyclin Dl gene in our case 
with the probe used in this study, we cannot rule out the presence of 
rearrangements involving more distant breakpoints as they occur in 
lymphoid neoplasms. 

In our study two carcinomas showed PRAD-l/cyclin Dl gene 
amplification without mRNA overexpression, suggesting that other 
genes in this amplicon may also be involved in the progression of 
some laryngeal carcinomas. EMSl and EXPl are recently identified 
genes in the llql3 region which are frequently coamplified with 
PR/iD-l/cyclin Dl in breast and squamous cell carcinomas (24, 33, 
34). In some cases, however, amplification of EMSl may occur with 
lower number of copies of the PRAD-l/cydin Dl gene (24. 26). 
Amplification of these genes is associated with their overexpression in 
some tumor cell lines and human carcinomas, suggesting that they 
may also be targets of this amplicon. Further studies are required to 
know whether these genes are also amplified and overexpressed in 
laryngeal carcinomas and to determine their possible cooperation in 
the progression of these tumors. 

In conclusion, PRAD-l/cyclin Dl gene is amplified in a high 
number of laryngeal carcinomas and this amplification is significantly 
associated with mRNA overexpression. Furthermore, PRAD-l ampli- 
fication and overexpression correlate with advanced tumor invasion, 
lymph node metastasis, and advanced tumor stage. Our findings 
suggest that this gene is a relevant target of the llql3 amplification in 
SCC of the larynx and may be involved in the progression of these 
tumors. The detection of cyclin Dl in SCC of the larynx may be a 
useful marker of prognostic significance. 
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Short Communication 

hTERTGene Amplification and Increased nnRNA 
Expression in Central Nervous Systenn Embryonal 
Tumors 



Xing Fan,* Yunyue Wang,* John Kratz,* 
Dan J. Brat * Yves Robitailie,"^ Albert Moghrabi,"^ 
Elizabeth J. Perlman § Chi V. Dang,* 
Peter C. Burger,* and Charles G. Eberhart* 

From The Johns Hopkins University School of Medicine,* 
Baltimore, Maryland; L'hopital Ste-Justine} Montreal, Canada; 
Emory University Medical Center,^ Atlanta, Georgia; and the 
Children 's Memorial Hospital,^ Chicago, Illinois 

High-level gains at 5pl5, a chromosomal region in- 
cluding the himian telomerase catalytic protein sub- 
unit ihTERT) gene, have been documented in several 
meduUoblastomas. We therefore analyzed bTERT 
gene dosage in a group of medulloblastomas and 
other embryonal brain tumors using differential PCR. 
Amplification of the bTERT locus was detected in 15 
of 36 (42%) tumors examined. To correlate gene am- 
plification with message level, we used real-time 
quantitative PCR to measure hTERT mRNA in 50 em- 
bryonal brain tumors. hTERT mRNA was detected in 
all but one of these cases , and mRNA level correlated 
significantly with gene dosage (r = 0.82). Log-rank 
analysis of survival data revealed a trend toward poor 
clinical outcomes in patients with medulloblastomas 
containing high hTERT mRNA levels, but clinical fol- 
low-up was relatively short and the association was 
not statistically significant (P = 0,078). Comparative 
genomic hybridization was used to further analyze 
the tumor with the greatest hTERT gene dosage and 
mRNA level, a recurrent medulloepithelioma. hTERT 
was amplified in the recurrent tumor but not in the 
primary lesion, suggesting this locus can be involved in 
tumor progression. Our data indicate that hTERT gene 
amplification is relatively common in embryonal brain 
tumors , and that increased expression of hTERT mRNA 
may be associated with biologically aggressive tumor 
behavior. (Am J Pathol 2003, 162:1 763-1 769) 

Brain tumors are the most common solid neoplasms that 
occur in childhood."' Among them, embryonal tumors are 
the most frequently encountered malignant lesions. In- 



cluded in the current World Health Organization classifi- 
cation are medulloblastoma, supratentorial primitive neu- 
roectodermal tumor (sPNET), atypical teratoid/rhabdoid 
tumor (AT/RT), and medulloepithelioma. The major mo- 
lecular changes in central nervous system (CNS) embry- 
onal tumors are only partially understood.^ One gene 
commonly involved in carcinogenesis that has not yet 
been analyzed in a significant number of embryonal brain 
tumors is hTERT, which encodes the telomerase catalytic 
protein subunit. 

Telomerase is an enzyme synthesizing the repetitive 
nucleotide sequence TTAGGG in telomeres. Human te- 
lomerase consists of an RNA subunit, (hTR). which is 
widely expressed, and a protein subunit, telomerase re- 
verse transcriptase (hTERT), whose expression is more 
tightly regulated.^^ The hTERT gene is located on chro- 
mosome 5 at 5p15.33; its expression is repressed in 
normal human somatic cells but is reactivated in most 
tumors (reviewed in®). In many neoplasms, increased 
telomerase activity is associated with poor clinical out- 
comes.®"^ ^ While gene amplification has not generally 
been considered a common mechanism to increase te- 
lomerase activity in tumors, three recent reports have 
documented hTERT gene amplification in non-CNS pri- 
mary tumors and tumor cell lines with concomitant in- 
creases in hTERT mRNA level. ^^"""^ 

interestingly, high-level gains of chromosomal material 
in the 5p15 region have been detected in medulloblas- 
tomas, suggesting that the hTERT gene could be ampli- 
fied in CNS embryonal tumors.^^*^® Data on telomerase in 
these tumors is sparse. To our knowledge, hTERT gene 
dosage and mRNA levels have never been analyzed in 
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Table 1. 


hTERT Molecular Analysis and Clinical Features in CNS Embryonal Tumors 
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* A, alive; D, deceased; F, focal; MB, medulloblastoma; P, primary; PNET, supratentorial primitive neuroectodermal tumor; R, recurrent. 



naedulloblastoma or other CNS ennbryonal neoplasms. In 
a recent review of telomerase in brain tunnors, Falchetti 
and colleagues^^ identified fewer than 10 CNS embryo- 
nal tumors from three studies in which telomerase enzy- 
matic activity had been analyzed. We therefore used 
differential PCR and real-time RT-PCR to determine the 
relationship between hTERT gene copy number, hTERT 
mRNA expression, and clinical outcome in CNS embry- 
onal tumors. We show that the hTERT gene is amplified in 
a significant number of cases, and that medulloblastoma 
patients with Increased hTERT expression in their tumors 
have a trend toward worse clinical outcomes. 



Materials and Methods 

Clinical Samples 

Tissue from 50 embryonal tumors resected between 1992 
and 2002 at either the Johns Hopkins Hospital, Emory 
University Hospital, or L'hopital Ste-Justine were used in 
these studies (Table 1). The cases included 15 anaplas- 
tic meduiloblastonias, 13 classic medulloblastomas, 10 
nodular medulloblastomas. 8 supratentorial PNET,- 2 
medulloepitheliomas, 1 medullomyoblastoma, and 1 
pineoblastoma. The median age of patients was 7 years 
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(range, 6 months to 55 years) and 82% of the cases 
occurred in patients 18 years of age or less. The nnedian 
follow-up for all patients was 19 months; the median 
follow-up in the medulioblastoma patients used for sur- 
vival analysis was 20 months. 

Molecular Analyses 

DNA and total RNA were extracted from snap-frozen 
tumor tissues using TRIZOL Reagent (Invltrogen, Carls- 
bad, CA) per the manufacturer's Instructions. RNA was 
then treated with DNase and further purified using the 
RNeasy Protocol (Qiagen, Valencia, CA). Quantitative 
RT-PCR was performed using the ABI Prism 7700 Se- 
quence Detector (Applied Biosystems, Weiterstadt, Ger- 
many) with TaqMan One-Step RT-PCR Master Mix re- 
agents (Applied Biosystems) according to the 
manufacturer's instructions. PCR primers used for the 
analysis of hTERT expression were hTERT-1912F (for- 
ward primer: 5'-TACGTCGTGGGAGCCAGAAC-3') and 
hTERT-1978R (reverse primer: 5'-CCTTCACCCTCGAG- 
GTGAGA-3'). The TaqMan probe hTERT-1933T (5'-TTC- 
CGCAGAGAAAAGAGGGCCGA- 3') was labeled with 
6-FAM and TAMRA. Amplicon length was 67 bp. Final 
concentration of primers was 0.5 jLimol/L; final concentra- 
tion of the TaqMan probe was 0.2 /LLmol/L. cDNA amount 
was standardized in each reaction using expression of 
j3-actin according to the manufacturer's instructions (Ap- 
plied Biosystems, Foster City, CA). All samples were 
analyzed in triplicate. Serial dilutions of total RNA from the 
D425 medulioblastoma cell line (ATCC) were used to 
generate standard curves and the expression of hTERT in 
all samples was calculated in relation to this. Gene copy 
number of hTERT vjas determined using differential PCR 
of sequences from hTERT on 5p and control sequences 
on 5q (5qSTS). The hTERT product was 260 bp long. The 
forward and reverse primers were 5'-GTGACCGTGGTT- 
TCTGTGTG-3' and 5'-GGGCCTCAGAGAGCTGAGTA-3' 
respectively. The SqSTS fragment was 199 bp in length; 
forward and reverse primers were 5'-TTGGTCCCCAG- 
TAACTTGATG-3' and 5'-TGTCCCTAGGATCTTGCT- 
CAG-3'\ PCR conditions are available on request. Bands 
were visualized and quantitated using a Fluor-S Multiim- 
ager (Blo-Rad, Hercules, CA). CGH was performed as 
previously described. ""^ The SYSTAT 9 program was 
used for Kaplan-Meier survival curves and Breslow-Ge- 
han log-rank analysis. 

Results 

The hTERT Gene is Amplified in 42% of CNS 
Embryonal Tumors 

Amplification of the hTERT gene at 5p15.33 was detected 
using differential PCR following the nnethods of Waha and 
colleagues.''^ The hTERTI5qSTS DNA ratios in the 36 
tumors analyzed ranged from 0.1 to 17.6 (Table 1 and 
Figure 1). Experimental replicates were performed in se- 
lected cases and yielded similar results. Analysis of 
hTERT/5qSJS DNA ratios in 8 normal subjects produced 



Case 45 15 11 50 




< — hTERT 
— SqSTS 



Figure 1. hTERT gene amplification detected by differential PCR. In cases 45, 
15, and 11, h'lliRTand 5qSTS sequences are amplified in a roughly 1:1 ratio. 
In case 50, the ft'/HATproduct is 17-foId nu)rc abundant, consistent with gene 
amplification at the locus. 



values ranging from 0.99 to 1 .1 2, with a mean of 1 .02. The 
A?7ER775qSTS DNA ratio threshold for amplification was 
therefore set at 2.17, which represents twice the mean 
ratio of the normal subjects plus three standard devia- 
tions, a standard established in earlier reports on this 
method. ""^'^^ Using this cut-off, hTERT gene amplification 
was detected in 15 of 36 (42%) CNS embryonal. tumors 
(Table 1). The hTERTIbqSJS ratios in amplified cases 
ranged from 2.2 to 17.6. 



hTERT mRNA Expression Level and Clinical 
Factors 

We used real-time RT-PCR to measure the level of hTERT 
in mRNA extracted from snap-frozen tumor tissue. hTERT 
mRNA was detected in 49 of 50 CNS embryonal tumors 
examined using this method. We divided these tumors 
into those with above-median -hTERT expression, high 
hTERT, and below-median hTERT level, low hTERT (Ta- 
ble 1). hTERT mRNA expression levels did not distinguish 
between different types of embryonal tumors, eg, PNET. 
medulioeplthelioma, medulioblastoma, etc. The nodular, 
classic, and anaplastic medulioblastoma subtypes were 
also distributed roughly evenly with respect to hTERT 
level. However, as has been observed in other tumor 
types, high levels of hTERT were more common in pa- 
tients who died from their disease. In the combined group 
of embryonal tumor patients, 9 of 25 (36%) with above- 
median hTERT died, compared to 4 of 25 (17%) with 
below-median hTERT. The survival difference was more 
pronounced within the diagnostically uniform group of 
medulioblastoma patients. Only one medulioblastoma 
patient with low hTERT died from his disease, compared 
to five deaths in the high hTERT medulioblastoma group. 
However, perhaps because of the relatively short fol- 
low-up time, log-rank analysis of Kaplan-Meier survival 
curves did not confirm significantly worse clinical out- 
comes in the high hTERT group of medulioblastoma pa- 
tients (P = 0.078; Figure 2). 
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Figure 2. High hTERT expression is associated witli poor clinical outcome. 
Log-mrik analysLs of Kaplan-Meier survival curves for patients with alx)ve or 
below median hTERT mRNA level reveals a trend toward ijetter clinical 
outcomes for patients in the low hTERT group (P = 0.078 J. 



Gene Amplification is Associated with Increased 
hTERT mRNA Expression 

Gene amplification often results in increased expression 
from the amplified locus. We therefore correlated hTERT 
copy number with hTERT mRNA expression. Linear re- 
gression analysis showed a strong association between 
increasing hTERT DNA copy number and increasing 
hTERT mRNA level. When comparing hTERTfbqSJS ratio 
to hTERT mRNA, the correlation coefficient was 0.82, a 
statistically significant value for this number of samples 
(P < 0.01). However, the copy number of hTERT at the 
DNA level did not appear to correlate with survival, and 
log-rank analysis of survival in patients with tumors am- 
plified or nonamplifled at the hTERT locus revealed no 
trend toward worse outcomes in cases with hTERT am- 
plification. 

CGIH Analysis of a Medulloepithelioma with 
hTERT Gene Amplification 

We chose to further investigate the molecular alterations 
in case 50. which represented the most extreme example 
of hTERT gene amplification and had a very high hTERT 
message level as well. The h7ER775qSTS DNA ratio and 
hTERT mRNA level were several-fold higher in this recur- 
rent medulloepithelioma than in any other CNS embryo- 
nal tumor. The patient was a one-year-old white female 
diagnosed with a medulloepithelioma located in the left 
cerebellar hemisphere when she was 16 months old. 
Initial therapy consisted of cisplatin. oral VP-16, and cra- 
niospinal radiation followed by peripheral blood autolo- 
gous stem cell transplant. Seventeen months after the 
first operation, the tumor recurred in the posterior fossa 
and was again resected. Despite additional therapy, the 
tumor continued to progress locally and the patient died 
three months later. 

To confirm hTERT gene amplification, and to identify 
chromosomal changes occurring in medulloepithelioma, 
we analyzed DNA from both the original and the recurrent 
tumor. The chromosomal regions with DNA copy number 



alterations in the primary and recurrent medulloepithelioma 
are illustrated in Figure 3A. There were 5 chromosomal 
alterations in the primary tumor and 17 in the recurrent 
lesion. The gains in the primary medulloepithelioma were 
localized to3p13-22. 6p21.2-21.3, 14q24-qter, 15q15-25, 
and 20q; gains in the recurrent medulloepithelioma were at 
1q32-qter. 3p14-22. 3q13-25. 5p14-pter, 7p15-q11, 9q34- 
qter. lOp, 12p, 14q. 15q24-qter. 17q21-qter, and 20q (Fig- 
ure 3). There were two high-level gains in the recurrent 
tumor on chromosome 5p14-pter and 20q. Chromosome 5 
profiles from the primary and recurrent tumor are shown in 
Figure 3B, where each line to the right or left of the central, 
dark band represents an incremental difference ration of 
0.25. Thus the difference ratio at the hTERT locus in the 
amplified recurrent tumor is over 2.0, a change equal to or 
higher than what we have previously observed in medullo- 
blastomas highly amplified at the myc loci.''^ There was no 
loss found in the primary medulloepithelioma. The losses in 
the recurrent medulloepithelioma involved 4p14-q28, 4q34- 
qter, 5q, 13q, and 18q12-qter. 



Discussion 

The hTERT gene is located on chromosome 5 at 5p15.33, 
a region that is sometimes gained in CNS embryonal 
tumors such as medulloblastoma."'^'''^ Recently, two 
groups demonstrated that the hTERT gene is amplified in 
several types of malignancy^^'^"^; however, to date, no 
information on /77ERr amplification in solid tumors of the 
CNS has been published. We therefore analyzed hTERT 
gene dosage in a series of CNS embryonal tumors using 
comparative PCR, and identified hTERT gene amplifica- 
tion in 42% of the 36 samples examined. To our knowl- 
edge, this is the first analysis of hTERT gene copy num- 
ber in CNS embryonal tumors, and one of only a few 
reports on hTERT gene amplification in any tumor type. 

We identify a somewhat higher percentage of hTERT 
amplification in CNS embryonal tumors than previously 
reported for other tumor types. Using FISH. Zhang and 
colleagues^^ found amplification of the hTERT gene in 
31% of 26 tumor cell lines and 29% of 58 primary tumors 
examined, including lung tumors, cervical tumors, breast 
carcinoma, and neuroblastomas. The same group also 
described hTERT gene amplification in 24% of 88 cervi- 
cal carcinomas, and an association between elevated 
hTERT protein expression and gene amplification. ""^ A 
second group recently analyzed hTERT in lung cancer 
cell lines using several methods, documenting increased 
hTERT gene dosage in 6 of 20 samples. They also found 
a correlation between increased hTERT gene dosage, 
hTERT mRNA expression and telomerase activity. 

High hTERT expression or increased telomerase activ- 
ity has correlated with clinical factors in a^ number of 
tumors, including Wilms' tumor, lymphoma, breast can- 
cer, non-small-cell lung cancer, and urothelial carcino- 
ma.'' ^"^"^ We therefore evaluated hTERT message levels 
in CNS embryonal tumors using quantitative RT-PCR. 
detecting mRNA in 49 of 50 tumors. In both the fuli group 
of CNS embryonal tumors and the clinically more homo- 
geneous subset of individuals with medulloblastomas. 




B 




Primar}' Recurrent 

more than twice as many deaths were seen when tumors 
contained high levels of hTERT mRNA. However, log-rank 
analysis of survival curves did not confirm the signifj- 
cance of this difference (P = 0.078). Most of the patients 
involved in our study had their tumors removed within the 
last few years, and the follow-up available is therefore 
relatively short (median 20 months). This short follow-up 
period may have contributed to the lack of significance in 
our study, and additional investigations will be needed to 
confirm the prognostic power of hTERT expression in 
these CNS tumors. 

It will also be important to correlate hTERT mRNA expres- 
sion with telomerase enzymatic activity in CNS embryonal 
tumors, as the link between these remains uncertain. While 



Figure 3. Chromosomal a iterations in a meclulloepithelioma detected by 
CGH. A: Thin vertical lines on the right side of the chromosome ideograms 
indicate ^iains; tliin lines on the left represent losses. High-level gains are 
depicted as thick lines. Gains and tosses in the primary and recurrent 
tumors from patient 50 are shown, with alterations in the primary' lesion 
represented using dotted lines, and in the recurrent one using solid lines. 
B: While the primary tumor shows no gains or losses, the recuirent medullo- 
epitheliorna has a high level gain at 5pl4'pier and loss of 5q. Each line 
represents a difference ratio of 0.25- 

all of the telomerase positive brain tumors studied by Cabuy 
and de Ridder^"" contained hTERT message, they failed to 
detect telomerase activity in some hTERT-expressing tu- 
mors. It has been suggested that the expression of non- 
functional hTERT spice variants can result in hTERT positive 
tumors that lack telomerase enzymatic acitivity.^^ However, 
many authors report good correlations between hTERT 
message level and telomerase enzymatic activity.^^^^ 

Intratumoral heterogeneity of hTERT expression and 
telomerase activity could have contributed to some of the 
differences reported in these earlier studies. Regional 
variations in hTERT expression and telomerase activity 
have been detected in some CNS gliomas. ^^'^^ Similar 
heterogeneity at the level of hTERT DNA amplification or 
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hTERT expression could be present in the embryonal 
tumors we analyzed. We attempted to extend our studies 
of hTERT expression to the protein level using immuno- 
histochemlstry, which would also enable localization of 
expression to specific tumor regions. However, while the 
highly amplified medulloepithelioma was diffusely immu- 
nopositive for hTERT, in the other 13 cases we found no 
correlation between DNA, RNA and protein levels (data 
not shown). 

Gene amplification in tumors often results in increased 
mRNA expression from the amplified locus. In CNS em- 
bryonal tumors, we found a significant positive correlation 
between increasing gene dosage and hTERT message 
level. In- some individual cases gene amplification was 
not associated with elevated message level, a finding 
similar to that observed for other oncogenes. For exam- 
ple, Grotzer and colleagues^^ recently found that c-myc 
gene amplification was only associated with high mRNA 
levels in a subset of medulloblastomas. Similarly, we 
have identified medulloblastomas amplified at the N-myc 
locus, but with low levels of N-myc mRNA (unpublished 
results). In 20 CNS embryonal'tumors we detected hTERT 
mRNA, but no amplification was found at the locus by 
differential PGR. Presumably, other transcriptional regu- 
lators direct hTERT expression in these tumors. 
c-Myc.^®~^° Spl.^^ and estrogen^^ have all been impli- 
cated as hTERT transcriptional regulators (reviewed 
in^), and could play a role in the diverse hTERT message 
levels we detected. The large number of embryonal tu- 
mors we found with unamplified hTERT and low-level 
hTERT mRNA expression also suggests that only modest 
telomerase expression levels may be required for forma- 
tion of these neoplasms. Indeed, it is possible that telom- 
erase-independent mechanisms of transformation are 
operative in PNET, as has been suggested for CNS 
gliomas.^"* 

We examined chromosomal alterations in a recurrent 
medulloepithelioma with very high hTERT levels using 
CGH. High-level DNA gains were detected at 5p15, con- 
firming the hTERT amplification identified using differen- 
tial PGR. Interestingly, CGH analysis of the primary lesion 
from this patient detected no gains of 5p, indicating that 
/iTERr amplification can first occur during tumor progres- 
sion. However, most of the embryonal brain tumors with 
hTERT amplification in our study were not recurrent le- 
sions, suggesting that as is the case in gliomas these 
alterations can occur early in tumorigenesis as well.^'' 
The overall number of chromosomal abnormalities was 
much higher in the recurrent medulloepithelioma than in 
the primary one, suggesting molecular progression can 
occur in these rare embryonal neoplasms. A similar accu- 
mulation of chromosomal changes has been observed in 
recurrence or metastasis of medulloblastomas."'^'^^ Thus 
our CGH analysis of this medulloepithelioma adds to the 
growing body of evidence suggesting CNS embryonal tu- 
mors can progress both microscopically and molecularly. 

In conclusion, we have shown that the ^TERT oncogene 
is amplified in a significant proportion of medulloblastomas 
and other CNS embryonal neoplasms. This gene amplifica- 
tion correlates with increased expression of hTERT mRNA, 
and implicates, for the first time, changes at the /iTERflocus 



in the evolution of primitive neuroepithelial tumors of the 
CNS. Finally, our correlation of hTERT expression with sur- 
vival suggests hTERT message level could be a useful 
molecular prognostic marker. 



Acknowledgments 

We thank Krista Summers for help with specimen prepa- 
ration and Amy Schuster for CGH analysis. Pat Goldth- 
waite and Linda Hershon assisted with clinical data man- 
agement. 



1. Kleihues P, Cavenee WK: Tumors of the Nervous System. Lyon. 
France, lARC Press, 2000 

2. Eliison D: Classifying the medulloblastoma: insights from morphology 
and molecular genetics. Neuropathol Appl Neurobiol 2002, 28:257- 
282 

3. Feng J. Funk WD, Wang SS, Weinrich SL, Avilion AA. Chlu CP. Adams 
RR, Chang E, Allsopp RC, Yu J, Le S. West MD, Harley CB. Andrews 
WH. Greider CW, Villeponteau B: The RNA component of human 
telomerase. Science 1995. 269:1236-1241 

4. Harrington L. McPhail T, Mar V, Zhou W, Oulton R, Bass MB, Arruda 
I. Robinson MO: A mammalian telomerase-associated protein. Sci- 
ence 1997. 275:973-977 

5. Nakamura TM, Mohn GB, Chapman KB. Weinrich SL, Andrews WH, 
Lingner J, Harley CB. Cech TR: Telomerase catalytic subunit ho- 
mologs from fission yeast and human. Science 1997. 277:955-959 . 

6. Hiyama E, Hiyama K: Clinical utility of telomerase in cancer. Onco- 
gene 2002, 21:643-649 

7. Komiya T, Kawase I. Nitta T, Yasumitsu T, Kikui M, Fukuoka M, 
Nakagawa K, Hirashima T: Prognostic significance of hTERT expres- 
sion in non-smaircell lung cancer, Int J Oncot 2000, 16:1173-1 177 

8. Wisman GB, Knol AJ. Helder MN, Krans M, de Vries EG, Hollema H. 
de Jong S. van der Zee AG: Telomerase in relation to clinicopatho- 
logic prognostic factors and survival in cervical cancer. Int J Cancer 
2001. 91:658-664 

9. Lee BK, Diebel E, Neukam FW, Wiltfang J, Ries J: Diagnostic and 
prognostic relevance of expression of human telomerase subunits in 
oral cancer. Int J Oncol 2001, 19:1063-1068 

10. Lehner R. Enomoto T, McGregor JA, Shroyer AL, Haugen BR, Pu- 
gazhenthi U, Shroyer KR: Quantitative analysis of telomerase hTERT 
mRNA and telomerase activity in endometrioid adenocarcinoma and 
in norma! endometrium. Gynecol Oncol 2002, 84:120-125 

11. Marchetti A, Pellegrini C. Buttitta F, Falleni M, Romagnoli S. Felicioni 
L, Barassi F, Salvatore S, Chella A. Angeletti OA. Roncalli M. Coggi G, 
Bosari S: Prediction of survival in stage I lung carcinoma patients by 
telomerase function evaluation. Lab Invest 2002, 82:729-736 

12. Zhang A. Zheng C. Hou M, LIndvall C, Wallin KL. Angstrom T. Yang 
X, Hellstrom AC, Blennow E, Bjorkholm M, Zetterberg A, Gruber A, Xu 
D: Amplification of the telomerase reverse transcriptase (hTERT) 
gene in cervical carcinomas. Genes Chromosomes Cancer 2002, 
34:269-275 

13. Zhang A. Zheng C, Lindvall C. Hou M, Ekedahl J. Lewensohn R, Yan 
Z, Yang X. Henriksson M, Blennow E, Nordenskjotd M, Zetterberg A, 
Bjorkholm M, Gruber A, Xu 0: Frequent amplification of the telomer- 
ase reverse-transcriptase gene in human tumors. Cancer Res 2000, 
60:6230-6235 

14. Saretzki G, Petersen S, Petersen I. Kolble K, von Zglinlcki T: hTERT 
gene dosage correlates with telomerase activity in human lung can- 
cer cell lines. Cancer Lett 2002, 176:81-91 

15. Eberhart CG, Kratz JE, Schuster A. Goldthwaite P, Cohen KJ. Perl- 
man EJ, Burger PC: Comparative genomic hybridization detects an 
increased number of chromosomal alterations in large ceil/anaplastic 
medulloblastomas. Brain Pathol 2002, .12:36-44 

16. Reardon DA, Mtchalkiewicz E, Boyett JM, Sublett JE, Entrekin RE, 
Ragsdale ST. Valentine MB. Behm FG, Li H. Heideman RL, Kun LE, 
Shapiro DN. Look AT: Extensive genomic abnormalities in childhood 



References 



hTERTm CNS Embryonal Tumors 1769 

AJP June 2003: ^ol. .162, No. 6 



medulloblastoma by comparative genomic hybridization. Cancer Res 
1997. 57:4042-4047 

17. Fatchetti ML, Larocca LM, Paillni R: Telomerase in brain tumors. 
ChildsNerv Syst 2002, 18:112-117 

18. Hu J, Wills M, Baker BA, Perlman EJ: Comparative genomic hybrid- 
ization analysis of hepatoblastomas. Genes Chromosomes Cancer 
2000, 27:196-201 

19. Waha A, Rollbrocker B, Wiestler OD. von Deimling A: A polymerase 
chain reaction-based assay for the rapid detection of gene amplifi- 
cation in human tumors. Diagn Mol Pathol 1996, 5:147-150 

20. Rollbrocker B, Waha A, Louis DN, Wiestler OD, von Deimling A: 
Amplification of the cyciin-dependent kinase 4 (CDK4) gene is asso- 
ciated with high cdk4 protein levels In glioblastoma multiforme. Acta 
Neuropathol (Ber!) 1996. 92:70-74 

21. Cabuy E, de Ridder L: Telomerase activity and expression of telom- 
erase reverse transcriptase correlated with cell proliferation tn menin- 
giomas and malignant brain tumors in vivo. Virchows Arch 2001, 
439:176-184 . 

22. Ulaner GA, Hu JF, Vu TH, Qruganti H, Giudice LC. Hoffman AR: 
Regulation of telomerase by alternate splicing of human telomerase 
reverse transcriptase (hTERT) in normal and neoplastic ovary, endo- 
metrium and myometrium. Int J Cancer 2000. 85:330-335 

23. Hoang-Vu C. Boitze C. Gimm O, Poremba C. Dockhorn-Dworniczak 
B, Kohrle J, Rath FW. Dralle H; Expression of telomerase genes in 
thyroid carcinoma. Int J Oncol 2002. 21:265-272 

24. Chong EYY, Pang JCS, Ko CW, Poon WS. Ng HK: Telomere length 
and telomerase catalytic subunit expression in non-astrocytic glio- 
mas. Pathol Res Pract 2000, 196:691-699 

25. Takakura M, Kyo S, Kanaya T. Tanaka M, Inoue M: Expression of 
human telomerase subunits and correlation with telomerase activity in 
cervical cancer. Cancer Res 1998, 58:1558-1561 

26. Weil RJ. Wu YY, Vortmeyer AO, Moon YW, Delgado RM, Fuller BG. 



Lonser RR, Remaley AT, Zhuang Z: Telomerase activity in microdis- 
sected human gliomas. Mod Pathol 1999, 12:41-46 

27. Grotzer MA, Hogarty MD, Janss AJ. Liu X, Zhao H, Eggert A, Sutton 
LN. Rorke LB, Brodeur GM. Phillips PC: MYC messenger RNA ex- 
pression predicts survival outcome in childhood primitive neuroecto- 
dermal tumor/medulloblastoma. Clin Cancer Res 2001, 7:2425-2433 

28. Wu KJ, Grandori C,.Amacker M, Simon-Vermot N, Polack A, Lingner 
J. Dalla-Favera R: Direct activation of TERT transcription by c-MYC. 
Nat Genet 1999. 21:220-224 

29. Wang J. Xie LY, Allan S, Beach D, Hannon GJ: Myc activates telom- 
erase. Genes Dev 1998, 12:1769-1774 

30. Greenberg RA. O'Hagan RC. Deng H. Xiao Q. Hann SR. Adams RR, 
Lichtsteiner S. Chin L, Morin GB, DePinho RA: Telomerase reverse- 
transcriptase gene is a direct target of c-Myc but is not functionally 
equivalent in cellular transformation. Oncogene 1999, 18:1219-1226 

31. Takakura M, Kyo S, Kanaya T. Hirano H. Takeda J. Yutsudo M, Inoue 
M: Cloning of human telomerase catalytic subunit (hTERT) gene 
promoter and identification of proximal core promoter sequences 
essential for transcriptional activation in immortalized and cancer 
cells. Cancer Res 1999, 59:551-557 

32. Kyo S. Takakura M, Kanaya T. Zhuo W, Fujimoto K, Nishio Y, Orimo A, 
Inoue M: Estrogen activates telomerase. Cancer Res 1999, 59:5917- 
5921 

33. Kyo S. Inoue M: Complex regulatory mechanisms of telomerase 
-activity in normal and cancer cells: how can we apply them for cancer 
therapy? Oncogene 2002, 21:688-697 

34. Chong EY, Lam PY, Poon WS, Ng HK: Telomerase expression in 
gliomas including the nonastrocytic tumors. Hum Pathol 1998, 29: 
599-603 

35. Leonard JR, Cat DX. Rivet DJ. Kaufman BA, Park TS, Levy BK. Perry 
A: Large cell/anaplastic medulloblastomas and medullomyoblastomas: 
clinicopathological and genetic features, J Neurosurg 2001, 95:82-88 



hTERT gene dosage correlates with telomerase activ... [Cancer Lett. 2002] - PubMed Result Page 1 of 1 



A service of the li.S. Notional Library of Medicine 
md the Nationa) Institute:^ of HcaUh 



My NCBI a 
[Sign Inl fRegister] 



All Databases PubMed , Nucleotide Protein Genome Structure PMC Journals 

Search PubMed for I1790457[uid] 1 Go 1 1 Clear | Save Search 



Books 



About Entrez 
Text Version 

Entrez PubMed 
Overview 
Help I FAQ 
Tutorials 

New/Noteworthy Q 
E-Utifities 

PubMed Services 
Journals Database 
MeSH Database 
Single Citation Matcher 
Batch Citation Matcher 
CHnical Queries 
Special Queries 
LinkOut 
My NCBI 

Related Resources 
Order Documents 
NLM Mobile 
NLM Catalog 
NLM Gateway 
TOXNET 
Consumer Health 
Clinical Alerts 
ClinicalTrials.gov 
PubMed Centra! 



Li mits Preview/I ridex H i story C If pboa rd De ta il s 
Display I Abstract Show 20 -JI Sort By 

All: 1 ^Review: 0 j 



Send to 



□ 1: Cancer Lett. 2002 Feb 8;176(l):81-91. 



Related Articles, 
Links 



fim; E V I E R 

mmuMMmM 

hTERT gene dosage correlates with telomerase activity in human lung cancer cell lines. 
Saretzki G , Petersen S . Petersen L Kolble von Zglinicki T . 

Deptartment of Gerontology, University of Newcastle, Wolfson Research Centre, Newcastle General 
Hospital, Westgate Road, Newcastle upon Tyne NE4 6BE, UK. 

Maintenance of telomeres, most often by telomerase, is a necessary prerequisite for immortality of 
eukaryotic cells. To better understand the mechanisms of telomerase up-regulation during tumorigenesis, 
we analysed the gene dosage of hTERT on chromosome 5pl5, a region known to be overrepresented in a 
variety of malignancies, in 20 lung cancer cell lines by Southern blotting, fluorescence in-situ 
hybridization, and comparative genomic hybridization. We found a significant correlation between 
hTERT gene dosage, hTERT mRNA expression and telomerase activity. Imbalances of chromosome 5p 
may exert functionally relevant hTERT gene dosage effects in human lung cancer. 

Publication Types: 

• Research Support, Non-U.S. Gov't 

PMID: 1 1 790457 [PubMed - indexed for MEDLINE] 



Display 



Abstract 



Show 20 



\ Sort By 



Send to 



Write to the Help Desk 
NCBI I NLM I NIH 
Department of Health & Human Services 
Privacy Statement I Freedom of Information Act I Disclaimer 



http://www.ncbi.nlm.nih.gov/sites/entrez 



4/22/2008 



3) 



*h3 



o 



< 



o 
o 

(D 
O 

c 
u 



0^ 



«3 



a ,2 

u o 

< 

O 

a .S 

S ftH 



C3 



ci .2 



3 ig 



a s 

e« Dl) 

a ^ 



2 



Vh 

> 

< 
u 

a 
o 

o 
o 



T3 



o 
U 

Pi 

o 



o 
3 




C\J 



9 

CL 



c 

t 

O 
OS 
I 

oo 

00 

CN 

c5o" 



O 

o 
o 

CN 

di 
G 

<u 

DX 
O 



© « 



.a ^ 

WD 
o * 



pd 

1^ « 
;^ ^ 

s ® 

§ ? 

*^ d 



o 

k 



/MS © 



a 



O 
o 

s 

a 

99 



S I 



e 



3 < 



Of} 

O 



o 
a 



n 

o 

*3 
o 




Q 

X! 



n3 



ON 

oo 



o 

00 
I 

ON 



oo 



o 
o 



a -5 



I 

M 

'53 



PQ 



a 



61 
u 

a 



S 5 .S 



o 



OX) eg S 7 
O ^ 

^ 

. 4> ^ C3 



O 
'£ 



O 
V5 



o 
H 

too 

o 

B 
t: 

Q 
d 

^^-^ 
o 

& i) 

il 




a 
o 

N 

'B 



:3 

CO 

^ o 

>^ s 

0 i 

S S 

1 = 

(73 

c ^ 
:3 > 



:r 4-' 
O cd 
^ ' — ' 

S .2 

o 

c/3 a> 
o 

o 2 

a Oh 



O 



Q 



(3 



CO 



O 
I 

00 

I— > 

o^ 
oo 



(J 



O 

s 

S 

.2 g 
a 

« 3 
js .5 

O A 

.2 .2 

a 

o 

u 



o 
a 

S 



a 



1 

OS 



0^ 



O 
(L> 

■4— • 

t/3 
(U 
CJ 

"S 

>^ 

'o 
:S 

o 

e 

t: 

cd 
P. 

Q 




m 
o 

m 
Q 



00 

On 



O 

o 



&X) 

a a 

O O 

o .a 

" I 
^ 

O CQ 

o o 

• p^ 'mm 

o s 

fl ^ 

a 

o *^ 

« ss 



5 « 2 
® a « 

U M) pa 



PQ 

a 
e 



Q 

o 



o 



o 
o 
o 

<N 

Q 

d 
o 



o 

*o 

cr> 

Pi 
O 




J3 o 13 



ffl 




o 

a 
O 

^« 

• • 

o 

.2 

a 
O 

'SI 
.2 

Oh 



-S 



i2 
o 



o 

• ^ 

X 

§ 

o 

• ^ 

S 
< 




Oh >, d 

•S ^ 

fa t4H <U *^ 

3 O V) 



o 

o W5 ^ 

^ o J> 

g ^ ^ cd 

S g I H 

cd 4^ cd 

O •> ^ cd 
on ^ 

- ^ i 



cd 



-3)2 
c 

S ^ 

H .a 

bo 
o 

I ^ 



c ^ 



U X O 



^ o S 

m cd 

.1 iil 

cd «+H -^1 



cd C/3 

o S 

^Id 

2 ^ 
o 2 



^7 cd 



cd 

a 
o 



o 
a 

cd 
a 



3je 



Cd 



7 «l S s 1 
e .2 ° c £ 



C/5 O 

^ <L> CI. 

S o ^ 2 S 



o 



^ 2 -"S -o c 
o o ^ ^ o 

<^ o « i3 o 



2 „ 

e i if 3 



8^ 



'^i? H 

cn O O 



2 i S' 

- O Tl 



15 « o ^ 



« ^ - 

ft 2 o 

^ 'S 



too o 



^ W u-i 



o 

s 

o 
2 



cd 



G 

.2 

Oh 



^ Z 



S d "1=! 

cd 5 o 

^ j:3 .0 ^ 

^ - fc ^ 



o ^ ^ 

SI O 



O 

o 

x: 
_ o 
o ^ 



o 
S 

3 ^ cd tin 



c 

cd 



5A 



S^JI, ^ « .a 




> 
o 

a 



2 ft 



(N 

(in 
O 

o 



a> o 



o 



]S 
*£ 
H 

< 
U 

o 
a 

.2 
U 



Oh c8 



^3 



o 

s 

o 

t: 

<u 

Oh 

«^ 
O 



> 

o 



Oh 

«^ 
O 

s 

Q 



c3 



Scd 



^5 o 



m 
o 



Q 



m 
oo 
o 



